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(71) We, NATIONAL RESEARCH 
DEVELOPMENT CORPORATION, a 
British Corporation established by Statute, 
of Kingsgate House 66—74 Victoria Street, 
London, S.W.I » do hereby declare the 
invention for which we pray that a patent 
may be graited to us, and the method by 
which it is to be performed, to be 
particularly described in and by the 
following statement: — 

This invention relates to internal 
combustion engines, and especiaUy diesel 
engines, with ducted cooling systems, that is 
to say systems in which the running engine is 
cooled by the flow near its hot surfaces of 
driven fluid, this flow taking place in 
confined passages. Hitherto it has been 
customary to form the cylinder block and 
the associated part of the cooling system as 
a single casting with a box-like exterior and 
the cylinders within it. spaces for flowing 
water being left between. Such constructions 
have had disadvantages. The castings have 
usually been heavy and bulky. The outer 
walls of the box have tended to vibrate 
readily under the action of the forces 
generated within it. The flow of heat into 
the water passing through the spaces has 
often been very great, caUing for large fans, 
ra^ators and pumps to dissq)ate this heat 
later to the atmosphere. Also die box has 
served to cratribute necessary mechanical 
strength to the engine as a whole, but it has 
often performed this task imperfectly 
because of conflict with its other mtended 
functions. 

The present invention is based upon two 
related discoveries. First, that a far less 
massive and extensive cooling system will 
suffice to prevent unacceptably high 
temperatures in most internal engines, and 
that such temperatiu-es are only likely to 
occur in critical regions of the cyunder head 
and of each cylinder, e.g. around its upper 
end. Second that a more efficient way of 
giving the engine adeq^uate mechanical 
strength may also result m a construction 
that generates less sound. 

This invention comprises an inte rnal 



combustion engine including a ducted 
cooling ^stem concentrating cooling in the 
more critical regions of the cylinders, and 
the space and material conventionally 
required by the box and water spaces 
ahready mentioned may be used to 
accommodate and form new structures 
specifically intended to strengthen and 
ngidify the engine structure. 

The cooling ^tem may comprise ring- 
shaped ducts for flowing hquid formed in 
the upper walls of the cylinders, the ducts 
being co-axial with and closely surrounding 
the cylinder bores. The engine may also as 
usual include, inlet and exhaust ports and 
valves mounted in the cylmder head, and 
the cooling system may also include simUar 
ducts in the head, these ducts being 
co-axial with and closely surrounding the 
valve seats and valve guides and, in the case 
of a diesel engine, the end of the fuel 
injector adjacent the combustion chamber. 
The strengthening and rigidifying structures 
may be in the form of ribs, fins or other 
suitable members attached to or integral 
with the outer surfaces of the cylinders and 
head so as to make them more rigid. 

The engine will typically comprise a 
cylinder block, a cylinder head attached to 
one end of that block, and crank bearing 
caps attached to the block at substantially 
the opposite end, and the strengthening and 
rigidifying structures may essentially be 
tie-bars between the head and the caps, 
capable of taking the strain of the gas 
pressure forces that build up within the 
engine and tend to separate the head and 
caps from the block. By taking this strain 
the tie-bars thus diminish the strains, 
especially bending moments, that these 
forces would otherwise set up in the main 
body of the cjrlinder block itself. At least 
parts of these tie-bars may be attached to, or 
formed as reinforced parts of the cylinder 
block, dius enhancing its rigidity and 
diminishine its capability to generate sound. 
In particular, parts of the tie-bars may be 
formed as ribs or fins on or attached to the 
cylinder block. The ribs or fins should at 
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least include some running parallel to the 
general direction of the crankshaft, and 
preferably others at an angle to them, e.g. 
generally parallel to the axes of the 

5 cylinders. Further stiffener members may 
also include connecting walls directly 
linking the structural walls of adjacent 
cylinders, and some of the ribs or fins may 
be supported from these connecting walls. 

10 The invention is further defined by the 
claims that conclude tins specification, and 
will now be described, by way of example, 
with reference to the accompanying 
drawings in which: — 

15 Figure 1 is a diagrammatic section 
through a diesel engine, in a plane at right- 
angles to the crank aids and on the line I— I 
inFigurp2; 
I^gure 2 is a section on the line 11— n in 

20 Figure!; 

Figure 3 is a section on the line HI— III in 
Figure 1; 

Figure 4 is a diagrammatic plan view of 
part of the cylinder head of the same 
25 engine; 

Figure 5 is a side elevation taken in the 
direction of the arrow V in Figure 1 ; 

Figure 6 is a section on the une VI— VI m 
Figure 2; 

30 Figure 7 is a section on the line Vn — Vn 
in Figure 1; 

Figure 8 shows several alternative 
constructions (a) to (h) in diagrammatic 
sectional plan; 

35. Figure 9 is a more detailed section 
through part of a cylinder and cylinder 
head, according to the present invention, 
and showing the cooling system; 
Figure 10 is a section on the line X — in 

40 Figure 9 and 

Figure 11 is a section on the line XI— XI 
in Figure 10. 

In the engine of Figures 1 — 7, transversely 
deep fins 1 are used all round to impart 

45 great rigidity in the transverse plane. The 
arrangement also constitutes an efficient 
load*carrying^ structure. Bosses 2, of which 
two are seen in section at the top of fins 1 in 
Figure 2, carry some of the studs 3 by which 

50 the cylinder head is attached to the rest of 
the engine structure. At their lower ends the 
fins merge with robust portions of the 
crankcase 5 adjacent the bores 6 formed in 
the crankcase to receive the studs 7 by 

55 which rigid main bearing caps 8 are 
attached to the structure. I^e gas pressure 
forces between the cylinder head 4 and tiie 
bearing caps 8 are thus carried directiy by 
the fins 1 acting as strong tie-bars. Thus 

60 direct tensile strain residting in vibration of 
the whole cylinder block is minimised and 
bending strain due to tiie stud forces is 
minimised both because of the direct 
loading and because of the rigidity of the 

65 deepfms. 



Ben<ting of the cylinder block in 
horizontal planes is resisted by the head 4, 
by the upper deck 9 of the block, by the 
upper part of the crankcase 5 and by one or 
more horizontal fins (e.g. 10 and 11) 70 
between the two. One such horizontal fin 
(11) can advantaeeously be placed at the 
level at which the lower end of the piston 12, 
shown in outline in Reure 6, strikes against 
the cylinder waU just after top dead centre. 75 

Figure 3 shows that the walls of the 
several cylinders are linked by short curved 
connecting walls 13 to the mid point of 
which the fins 1 seen in Figures 1 and 2 are 
attached. Tying the cyHnders together by 80 
such walls of course adds to the rigidity of 
the engine structure in the transverse 
vertical plane. Also, by providing further 
support to the cylinder head stud bosses 2 
and strengthening the fins below them, such 85 
walls reduce both tensile and bending 
strains. The stud positions relative to the 
walls are indicated by the small broken-line 
curcles on part of Figure 3. 

The connecting wdls also increase 90 
longitudinal ri^dity, both in the plane of 
Figure 3 and in the vertical longitudinal 
plane, by forming two continuous lon^tudi- 
nal walls comprising the connecting walls 
and parts of the cylinder walls. I^rther- 95 
more, the normally freely vibrating c^inder 
walls are themselves stiffened by the 
connecting walls and by one another. Hgure 
2 also shows further stiffening fins 14 
projecting from the midpoints of the 100 
cylinder walls (i.e. in line with the c^der 
axis), adding extra stiffness to the whole 
structure including the cylinders and 
carrying the remaining cylinder head stud 
bosses 15. Piston impact is most likely to 105 
occur on that part of tiie cylinder wall to 
which these further stiffening fins 14 are 
attached, and at the level of the horizontal 
fins 11 to which the cylinders, the 
connecting walls 13, and the fins 1 and 14 110 
are aU jomed; thus the amplitude of the 
vibrations produced by piston slap and, in 
the case of diesel engmes, the resultant 
"diesel knock", which is maiitiy due to 
p^ton slap, should be far less than normal. 115 
The spaces between the fins may be filled 
with noise-absorbing material, and the 
"grid" of fins on the outer surface of the 
cylinders and the upper crankcase also 
serves to break up what would otherwise be 120 
a relatively large and regular area of 
vibratable surface, capable of radiating 
sound. 

The cooling system for me engine shown 
in H^ure 1 comprises a cylinder water jacket 1 25 
consisting of a narrow annular passage 
around the upper end of each cylinder. The 
location of the passage will be close to the 
hot combustion zone of the cylinder. In 
^ axial depth it will in general be less deep 130 
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than the combustion zone, and the precise 
location of the passage will depend on 

' individual engine reqmrements. The real 
requirement of the jacket is that it should 

5 cool parts of the cyUnder wall that tend to 
overheat, but avoid cooling parts that do 
not. The section through this passage 16 and 
the remaining stud bosses is shown m Figure 
2. The detacmnent of the cylinder wall from 

10 the surrounding structure in this region 
ensures that this portion of the cylinder 
bore, in which the piston rings must seal 
apainst the highest pressures, is not 
distorted by stud loads transmitted to the 

15 cylinders. Water enters each annular 
passage from an aperture in one side face of 
the cylinder head, flows round the jacket 
across the engine and leaves via another 
aperture in the other side of the cylinder 

20 head. The annular passages cooling 
adjacent cylinders may meet, as at I6a 
(Figure 2). The arrangement of inlets and 
outlets is shown in more detail in F^ures 9 
and 10. The remaining and much greater 

25 part of the length of each cylinder, below 
the level of passage 16 and above that of the 
crankcase 5, rises in temperature during 
operation but not excessively, and so is 
simply left exposed without ducted cooling. 

30 lliecylinderhead.part of which is shown 
in plan view in Figure 4 witih the valve cover 
17a removed, essentially comprises a plate 

17 with respectively transverse and obuque 
fins 18, 19 projecting upwards from it. The 

35 deagn shown is to suit the cylinder block of 
Figure 1. The transverse fins 18, of which 
there are two per cylinder in this example, 
are in line with the cylinder block fins 1 and 
14 and are enlarged locally by bosses 20 to 

40 accommodate the cylinder head studs 3. 
These points are braced by the obUque fins 
19 which add to the stiffness of the plate 17 
in the longitudinal direction and help to 
distribute the stud loads uniformly on the 

45 joint 21 between the cylinder head and the 
cylinder block. Gas exhaust passages 22, 
indicated by broken lines, pass from the 
exhaust ports 23 between the transverse fins 

18 and through local apertures in ibo lower 
50 part ofthe oblique fins 19 on one dde of the 

head. 

Figure 8(a) shows diagrammatically the 
arrangement of cylinder connecting walls 13 
and vertical fins 1, 14 shown in Figures 1 — 3. 

55 The remaining parts of Figure 8 show 
alternative arrangements. Corresponding 
alternative arrangements of the cylinder 
head fins 18, 19 are possible. The positions 
of the cylinder head stud bosses 2. 15 at the 

60 top of the cylinder block are indicated. 

In the arrangement of Figure 8(a) the 
outwardly projecting portion of the fins 1 
between cj^linders may be tapered, thus 
easing casting, or otherwise reduced in 



section to produce a better balance of 65 
material about the position of studs 3 and 
thus further reduce bending moment. The 
connecting walls 13 between the cjiinders 
may be {)laced so that they pass throudi the 
stud portions or indde mem. By smtable 70 
choice of fin and wall position and 
thickness, the bending moment exerted on 
the cylinder block and head by the stud load 
can be made negligible, and t^ principle 
can be applied to all the arrangements 75 
shown in Figure 8, in which it will be seen 
that some of the fins 14, although projecting 
from the cylinder walls, do not He in the 
transverse plane of the Cjiinder axes. The 
same apphes to the corresponding stud 80 
bosses 15. 

Figures 9, 10 and 11 show localised 
coohng arrangements in accordance with 
the invention. In Figures 9 and 10, coolbg 
water passes via an inlet connection 24 to a- 85 
header 25 in cylinder head 4. This header 
serves several cylinders and from it the 
water passes to each cylinder via a passage 
.26 to an annular passage 27 surrounding a 
sleeve 28 at the end of a bore 29 which 90 
houses a fuel injection nozde holder (not 
shown). An outlet passage 30 conveys the 
water to the common outlet main 31 and 
thence via connection 32 to the external 
cooling system. The flow of water in 95 
passage 27 cools both the fuel injection 
nozzle and the adjacent critical area of those 
parts of the plate 17 which constitute part of 
the combustion chamber wall. 

In a parallel drcuit water from the header 100 
25 passes via an inlet hole 33 into an annular 
passage 34 which surrounds the end of the 
cylinder bore. The water flow divides on 
entering the annular passage and rejoins at 
an outlet hole 35. 105 

To cool the valves seats and valves, seat 
inserts 36, Figure 11, are provided, each of 
which encloses an annular space 37 through 
which water is passed via passages 38 and 
39, Figure 10, forming circuits parallel to 110 
that which cools the nozzle. An additional 
parallel circuit for cooling each valve guide 
and valve stem is formed by inlet passage 40, 
cooling annulus 41 and outlet passage 42, as 
shown in Figure 11. 115 

WHAT WE CLAIM IS:— 

1. An internal combustion engine 
comprising: 

A cylinder block comprising cylinders, 
and at least one cyfinder head and including 120 
the following parts: 

inlets for fuel to the cylindets: 

valve seats; 

valve guides; 

a part of the structure of each cylinder 125 
and cylinder head closely surrounding the 
combustion zone of that cylinder; 
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passages connecting cooline ducts in 
paths between a cooling fluid Inlet and a 
cooling fluid outlet; 

in which the ducts are confined to locations 
where they closely surround such of the 
parts listed above as are liable in operation to 
overheat, and in which the remainder of the 
cylinder block and cylinder head contain no 
further such ducts and lack conventional 
cooling spaces formed by casting. 
2. An internal combustion engme ac* 



cording to Claim 1 in which the inlets for 
fuel to the cylinders comprise fuel injectors. 

3. An internal combustion engine ac- 
cording to^ Claim 1, substantially as 15 
described with reference to the accompany- 
ing drawings. 

P.A.STABLES» 
Chartered Patent Agent, 
Agentfor the Applicants. 
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